Background--Several studies have suggested sex-related differences in diagnostic and invasive therapeutic coronary procedures.
R ecently, the German Heart Report 2013 described a decrease in total mortality rate of acute myocardial infarction in men since 1980 and in women since 1995. In men, there was a decrease of about 50%, and in women of about 35%. 1 This is in line with data from the World Health Organization global mortality database, which describe a decrease in age-standardized coronary heart disease mortality in the last 25 years of 49% in men and 39% in women. 2 There has been speculation about possible explanations for these sex differences, such as delay in seeking medical care for acute coronary syndromes with longer time from symptom onset to balloon in women, sex bias in use of evidence-based and guideline-recommended lifesaving medical therapy, differences in use of drug-eluting stents, thrombolysis, emergency percutaneous coronary intervention (PCI), or timely coronary artery bypass graft (CABG) procedures. 1, 2 In addition, it has been reported that only an estimated 33% of annual PCIs were performed in women despite the established benefits of PCI in reducing fatal and nonfatal ischemic complications in patients with acute coronary syndromes. 3 It has been found that women were less likely to be revascularized than men, either in the management of stable angina 4 or in acute coronary syndromes. 5, 6 Recently, we have been able to show that in patients with significant coronary artery disease there was no difference in recommendation for PCI between women and men. 7 Nearly all of the studies found a higher crude hospital mortality in women with PCI for acute coronary syndromes. In some of the studies the difference in hospital mortality between the sexes disappeared after adjustment for age and comorbidity, 5, 6, [8] [9] [10] [11] whereas in others it persisted. [12] [13] [14] [15] [16] [17] Interestingly, despite the pronounced decrease in mortality for men, the long-term prognosis after an acute myocardial infarction was still less favorable in men than in women in Germany and in all other European countries.
1,2
The purpose of this study was to examine sex differences in procedural features, safety, and efficacy of PCI in a very large coronary angiography and PCI registry in Germany.
Methods
The data presented in this analysis were taken from 218 hospitals that transferred data to the Bundesgesch€ aftsstelle Qualit€ atssicherung gGmbH (BQS) or enrolled patients in the German Arbeitsgemeinschaft Leitende Kardiologische Krankenhaus€ arzte (ALKK) registry. The comprehensive collection and analysis of these data was endorsed by the German Cardiac Society. Details of the BQS quality program and the ALKK registry have been described before. 7, [18] [19] [20] Since 2002 all hospitals that perform invasive coronary procedures in Germany were legally obligated to record details about these procedures to monitor quality control. Therefore, consent of patients for the processing of their anonymized data was generally obtained. The data contain all consecutive PCIs of the participating hospitals on an intention-to-treat basis. Baseline characteristics, course of PCI, and hospital complications were registered prospectively and analyzed centrally at the Karl Ludwig Neuhaus Datenzentrum, Stiftung Institut f€ ur Herzinfarktforschung, Ludwigshafen, Germany. All information about success of PCI is based on the evaluation of the treating physician. PCI was rated successful if there was a residual stenosis of <50% after balloon angioplasty without stenting and <20% after PCI with stent application. The present analysis comprises all patients who were treated with PCI for stable coronary artery disease, non-ST elevation acute coronary syndromes (NSTE-ACS), and ST elevation myocardial infarction (STEMI). The first PCI performed in each patient during hospital stay was considered for the analysis.
Data Collection
Data on patient characteristics on admission comprised age, sex, concomitant diseases, cardiovascular risk factors, prior PCI or CABG, prior myocardial infarction, or stroke. Following completion of the procedure, lesion characteristics, details of the intervention, and intraprocedural and in-hospital adverse cardiovascular outcomes were recorded on a standardized form by the treating physician and transmitted to the central data registry center in Ludwigshafen via the Internet by the treating physician.
Definitions
STEMI was defined as ST-segment elevation of ≥2 mm in ≥2 precordial leads or >1 mm in ≥2 extremity leads; non-ST elevation myocardial infarction (NSTEMI) was defined as any significant increase in troponin level without ST elevation in the defining ECG. Adverse outcomes (major adverse cardiac or cerebrovascular events), defined as in-hospital death, myocardial infarction, stroke, or reinfarction, were evaluated. Myocardial infarction was defined as a 2-fold rise in creatine kinase level above normal. A cerebrovascular event was defined as a stroke or a transitory or reversible cerebral ischemic attack that was confirmed clinically as a permanent neurological deficit or by CT scan. In addition, pulmonary embolism, resuscitation, complications at the puncture site, acute renal failure, requirement for dialysis, septicemia, and urgent CABG procedure were reported as in-hospital events. Primary success of PCI was defined as the achievement of <20% final diameter stenosis after stent implantation and <50% after coronary angioplasty without stent implantation in visual assessment associated with Thrombolysis In Myocardial Infarction (TIMI) flow grade ≥2.
Statistical Analysis
Statistical analysis was performed using the SAS software package version 9.3 (SAS Inc, Cary, NC 
Sex Differences in Baseline and Procedural Characteristics According to the Indication for First PCI
Results are shown in Tables 1 and S1 . In elective PCI the primary success rate was higher in women compared to Values are expressed as percentages (number of occurrences/available cases) except for age (median; interquartile range). Only relevant data are shown. The complete tables can be found in Tables S1 through S4 . CABG indicates coronary artery bypass graft; LV, left ventricle; NSTE-ACS, non-ST elevation acute coronary syndrome; OR, odds ratio; PCI, percutaneous coronary intervention; STEMI, ST elevation myocardial infarction; XA, coronary angiography. *Defined as <20% final diameter stenosis after stent implantation and <50% after coronary angioplasty without stent implantation in visual assessment associated with TIMI flow grade ≥2.
men, the stent rate was higher, as was the number of PCI in ostial stenoses. In contrast, men more often had PCI in more than 1 vessel, more often with complete vessel occlusion, more often in bypass grafts, more often in an unprotected left main stenosis, and more often in the last coronary vessel. There was no difference in acute mortality in the catheterization laboratory between the 2 sexes (see Tables 1  and S1 ). Sex differences in NSTE-ACS were comparable to that of elective PCI. Primary success rate and stent rate were higher in women. PCI in more than 1 area, PCI in complete vessel occlusion, PCI in CABG, PCI in an unprotected left main, and PCI in last coronary vessel had higher incidence in men than in women, but PCI in ostial stenosis was more frequent in women (see Tables 1 and S2 ).
In STEMI, sex differences in procedural characteristics were less pronounced. There was no difference in success rate between men and women. Resuscitation in the catheterization laboratory was more often necessary in women, and PCI in bypass grafts was performed more frequently in men than in women (see Tables 1 and S3) .
In cardiogenic shock, there was no sex difference in primary success rate between the sexes. PCI in CABG was less often performed in women. Resuscitation in the catheterization laboratory was more often necessary in women than in men (see Tables 1 and S4 ). Table 2, Tables S5 through S8 , and Figure 1A and 1B. After adjustment for age, hospital mortality after PCI was higher in women with PCI in STEMI but not in elective PCI, PCI in NSTE-ACS, or PCI in cardiogenic shock. Hospital major adverse cardiac or cerebrovascular events were higher in women with elective PCI and in PCI for STEMI. Unadjusted access-related complications were twice as high in women in PCI for all indications.
Sex Differences in Hospital Mortality in Different Age Groups
Hospital mortality in women <50 years of age with elective PCI or with PCI for STEMI was significantly higher compared to men in the same age group. Differences in the other age groups were not significant (Figure 2A through 2D ).
Sex Differences in Predictors for Hospital Mortality in STEMI, NSTE-ACS, and Elective PCI, Multivariate Analysis
In a multivariate analysis for predictors of hospital mortality, we found different predictors that were associated with increased hospital mortality in stable CAD, NSTE-ACS, STEMI, and cardiogenic shock (see Figure 3) .
Discussion
The present analysis gives a representative overview of sexassociated differences in PCI in Germany from 2007 until 2009. We found that 27.8% of all PCIs were performed in women despite the fact that mortality rates due to coronary heart disease in Germany are almost the same in women and men. 1, 2 This rate of PCI is comparable to that in the United States. 3 It is not yet completely understood why this difference in use of invasive coronary procedures between men and women exists in spite of the established benefits of PCI in reducing fatal and nonfatal ischemic complications. 21 Women with PCI were older than men, and they had more comorbidity. The largest difference of about 10 years was found in STEMI patients, which has been described before. 5 We did not find any evidence that primary success rate of PCI was lower in women than in men. In elective PCI and NSTE-ACS, it was even higher in women than in men, as was the percentage of implanted stents. This finding is in line with former reports in which it was found that the technical success of PCI is similar in women and in men. 11 Procedural and postinterventional hospital complications were significantly higher in women compared to men, even after adjustment for age. This has been described before, 5, 6, 11, 22, 23 but the reasons for this finding are speculative (smaller vessel size in women, higher comorbidity, differences in endothelial function, variability in correct dosage of adjunctive medical therapy). Although the overall superiority of primary PCI in acute myocardial infarction over fibrinolytic therapy has been clearly demonstrated for women, 3, 10 in FRISC II and RITA-3 an early invasive strategy in NSTE-ACS did not reduce the risk of future events among women with unstable angina or NSTEMI. 24, 25 In other studies women with PCI for acute coronary syndromes showed a lower or at least identical long-term mortality compared to men. 5, 6, 11, 23 Hospital mortality after PCI for STEMI in our population was higher in women compared to men-even after adjustment for age and other covariables. Yet, it has considerably decreased in the last decade in men and women, both in STEMI and NSTE-ACS. 2, 3, 5, 6, 21, [26] [27] [28] [29] [30] In line with former studies we found that younger women with STEMI have higher hospital mortality. 2, 5, 31 In comparison to historical data from the MITRA registry (data from 1994 to 1997, hospital mortality in women 20.9%, in men 12.3%), hospital mortality after STEMI has dramatically decreased in both sexes, but there is still a sex difference with a 20% higher mortality in women after adjustment for age. Not unexpectedly, hospital mortality was lowest in elective PCI and highest in cardiogenic shock without differences between the sexes after age-adjustment. Interestingly, sex differences in vascular complications after PCI were comparable to that after lone diagnostic coronary angiography, and they were lower compared to former reports, which may reflect the decreasing use of aggressive anticoagulation regimes, the use of weightadjusted heparin dosing, and the introduction of smaller sheath sizes and early sheath removal. 3 As for subgroup analysis, we did not find any relevant sex differences in specific risk groups. Regarding procedure related differences, we found that PCI in more than 1 coronary vessel (non-culprit PCI) in STEMI was associated with a higher mortality in men, but not in women, and not in NSTE-ACS. In patients without acute coronary syndromes, PCI in more than 1 vessel, PCI in CABG, and PCI in unprotected left main coronary artery were associated with higher mortality in women, but not in men. The reasons for these procedureassociated differences in hospital mortality cannot be explained by the data of this registry and should be further investigated.
Limitations
Our data are taken from a German population and describe the treatment reality in German hospitals. So our data may be not generalizable to other populations in other countries. As we report about an invasive coronary angiography/PCI registry we have no data about patients who were primarily treated noninvasively. The diagnosis of CAD is subjective and not based on objective measurement (such as quantitative coronary angiography). We have no information about the vascular access, but we guess that the rate of radial access in the years 2007-2009 was less than 10% in Germany. The completeness of revascularization in both sexes cannot be evaluated with our data. The present analysis is not a randomized, controlled study, and all treatment decisions were left to the discretion of the physician. There was no documentation of concomitant medical treatment. The analysis was designed after the data had been collected. Therefore, the results have to be interpreted as descriptive. On the other hand, this investigation is one the largest analyses on a contemporary population and, therefore, is likely to reliably reflect the current clinical practice. 
Conclusion
The present analysis gives a representative overview of sexassociated differences in PCI for different indications in Germany. Hospital mortality after PCI for STEMI was 20% higher in women than in men, but there was no difference in hospital mortality after PCI for NSTE-ACS, for cardiogenic shock, and after elective PCI. Nonfatal postinterventional major adverse cardiac and cerebrovascular events were higher in women with PCI for STEMI and after elective PCI. Access-related complications were twice as high in women as in men, irrespective of the indication. The reasons for these differences need to be addressed in future research.
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